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M-DIALKOXY)- ANH Kl -U, cj-l-DIALKENQXY) - 



•- y ui, uri-uiHLftLWUAT;- 

"LK-1-YL-N ,N T N-TfiT SUB STITUTED AMMONIUM SURFACTANTS 
CONTAINING. THEM 

T hxs inventT^TTiTitiFTo glycerol-based 
cationic compounds. 

The compounds of this invention are illustrated by 
formula I 



1 * 1 
R X OCH -CH-(CH-) -N + -R 4 X ~ 

OR 2 2 ^5 I 

15 

or an optical isomer thereof wherein R 1 and R 2 are 

the same or different and are alkyl or alkenyl of 6 to 22 

carbons; R , R and R 5 mgy fae fche same ^ differept 

and are hydrogen, alkyl of 1 to 8 carbons, aryl, aralkyl 

20 of 7 to 11 carbons, or when two or three of R 3 , R 4 , 
and R are taken together form quinuclidino, 
piperidino, pyrrolidine, or morpholino; n is 1 to 8; and 
* is a, pharmaceutical^ acceptable anion. 

These compounds may be used in any of the many uses 

25 for which cationic surfactants find application. For 
example, they may be used in industrial application, in 
food or feeds, in pharmaceutical formulation, 
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cosmetological compositions, or other areas where 
surfactants may be employed. 

As these compounds are pharmaceutical^ non-toxic 
compounds, they may also be used in cosmetology, for 

5 example, in makeups, lipstick, eyeshadow material, they 
may also be used in fingernail polishes, in body lotions, 
moisturizing creams, and the like. These compounds may 
also be used for application to the hair, either alone or 
in combination with other materials, such as in shampoos, 

1Q hair conditioners, permanent wave formulations or hair 
straighteners, or as components in hair creams, gels, and 
the like. 

Of particular interest is the use of these compounds 
in pharmaceutical formulations, particularly topical 

15 formulations such as ointments, gels, pastes, creams, and 
the like; and more particularly for the preparation of 
pharmaceutical formulations containing liposomes. The 
consistency of the formulation depends on the amount of 
aqueous solution- used to make the formulation. In such 

20 formulations containing compounds of this invention, 
. drugs which are insoluble or only sparingly soluble 
themselves in aqueous solutions can be solubilized so 
that a greater concentration of drug can be presented to 
the body. 

In pharmaceutical formulations, these compounds may 
be used in those contexts where cationic surfactants are 
acceptable for the formulation of creams, pastes, gels, 
colloidal dispersions, and the like. For additional " 
information, reference is made to Remington's 
Pharmaceutical Sciences , 16th Edition, Mack Publishing 
Company, Easton, Pennsylvania (1980), editor Arthur Osol, 
or any other standard treatise on pharmaceutical 
formulations. 

The compounds of this invention are particularly 
useful in the preparation of liposomes. Liposomes are 

35 
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microscopic vesicles (or blisters) consisting of 
concentric lipid bilayers, generally spherically-shaped. 
Structurally, liposomes range in size and shapes from 
long tubes to spheres, with dimensions of a few hundred 
5 Angstroms to fractions of a millimeter. Regardless of 
the overall shape, the bilayers are generally organized 
as closed concentric lamellae, with an aqueous layer 
separating each lamella from its neighbor. Vesicle size 
normally ranges between 20-30,000 nm in diameter. The 
10 liquid film between lamellae is usually 3-10 nm. 

In the broadest terms, liposomes are prepared from 
one or more surfactants. Though it has been thought that 
any type of surfactant could be used in liposomes, e.g. 
cationic, neutral or anionic surfactants, experience with 
15 positively charged liposomes has indicated several 
problems which have not been fully addressed to date. 
The tertiary amines which have to date been employed in 
preparing liposomes have either not been sufficiently 
chemically stable to allow for the storage of the vesicle 
20 itself (short shelf life) or the structure of the amines 
has been such that they can be leached out of the 
liposome structure. Also one of the tertiary amines, 
stearoylamine, has toxicity concerns which limit its use 
as a component of a liposome. Compounds of Formula I do 
25 not suffer from these infirmities. The ether linkage of 
the compounds of formula I is highly stable in 
liposomes. The compounds of formula I are not leached 
out of nor do they otherwise migrate out of the liposome 
matrix as do stearoyl amines and other tertiary amines. 
30 Toxicity is not a concern with the compounds of Formula I. 
Positively charged pharmaceutical formulations, 
particularly liposomes, are pharmaceutically 
advantageous. Mammalian cells are negatively charged so 
the presentation of positively charged materials results 
35 in better attachment to and absorption by membranes. 
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Typically, the liposome formulations of this 
invention will be comprised of 0.05 to 10% drug by 
weight, 1 to 20% 'surfactant by weight of which a compound 
of formula I comprises 1 to 100% of this surfactant 
component and an aqueous solution, that is, water which 
may or may not contain salts and buffers, in a quantity 
sufficient to make 100% by ^volume. Particularly " 
preferred are formulations which contain 1 to 5% drug and 
a compound of formula I comprises 50% or more by weight 
of the surfactant component. Most preferred is a 
formulation which contains 5% drug by weight, a compound 
of formula I comprises the only surfactant component 
which component is present in an amount of 20% by weight 
and an amount of aqueous solution sufficient (q.s.) to 
make 100% by volume. 

Formulations of this invention, particularly 
liposomes, made with the compounds of formula I will 
exhibit the properties of a positively charged entity 
when compounds of formula I, comprising 1% or more by 
weight of the total weight, are used with a neutral 
liposome-forming material. Thus, other excipients, 
surfactants and the like which are used for making 
liposomes, can be used in these formulations. One may 
use any combination of secondary surfactants with the 
compounds of formula I so long as there is 1% or more of 
a compound of formula I present in the formulation. 

Secondary surfactants which can be used 
are, for example, ternary or complex lipids, glycerides, 
cerides, etholides and sterides, namely one of several 
compounds wherein the hydrophilic group is phosphate, 
carboxylate, sulfate, amino, hydroxyl or choline group; 
and the lipophilic group is alkyl or alkenyl, 
polyoxyalkylene or an alkyl group substituted with at 
least one aromatic or cycloalkyl group. Polyethyleneoxy 
or glycol groups may be used. Additional surfactants 
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suitable ,„ incorporation into these formations can b e 

5 Preferred secondary surfactants are 

r e cnnI n 1P D r rel h ated mat6rialS SUCh **> '» —Pie, 
lecithin, phosphatidyl ethanolamine, lysolecithin 

dipalmitoylphosphatidylcholine. Additional 
non-phosphorus-containing li P i ds are fn ' , 
Potato, 5 l yc er y l riclnoiel Zll I ^2 

trietnanol^ne-laor,! sulfate> 

dioisri":;; 1 f r tlves may be iong chain aic °^ 

eater " ' e * amPl<i ' cl »l"f«>ll Phosphoric 

° ota, k , ' C ° h0lS ' f ° r eXa " ple - *«» «cet»l 

ate, al, y lsulfates, for exa.pie, sodiu. cety 

protets : . CerUin P0lyB " 5 SUCh " P'Wid.., and 

Typically, liposomes can be divided infn rh , 

Uposones an, Their Use in Bioloo y and Medicine ■ Z 
°ece„her 1S77 , are multl . lameUar w ^ ° 

, nr-^ellar vesicles (SUV) and Xarge U ni- la „el r 
vesicles (LUV). "mej.±ar 

SUV's range in diameter from approximately ?n sn 
a- consist of a single lipid ^ " 

:;;;:;:; p ;;r; nt - - While suv are singie 

vesicle, of fairly uniform size, MLV vary grea tl y in 5ize 
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up to 10,000 nm, or thereabouts, are multi-compartmental 
in their structure and contain more than one bilayer. 
LUV liposomes are so named because of their large 
• diameter which Ganges from about 600 nm to 30,000 nm; 
5 they contain more than one bilayer. 

Liposomes may be prepared by a number of methods not 
all of which produce the three different types of 
liposomes. For example, ultrasonic dispersion by means 
of immersing a metal probe directly into a suspension of 
10 MLV's is a common way for preparing SUV's. 

Preparing liposomes of the MLV class usually 
involves dissolving the lipids in an appropriate organic 
solvent and then drying down the solvent under a gas or 
air stream. This leaves behind a thin film of dry lipid 
lg on the surface of the container. An aqueous solution is 
then introduced into the container with shaking in order 
to free lipid material from the sides of the container. 
This process disperses the lipid, causing it to form into 
lipid aggregates or liposomes. 

Liposomes' of the LUV variety may be made by slow 
hydration of a thin layer of lipid with distilled water 
or an aqueous solution of some sort. 

Alternatively, liposomes may be prepared by 
lyophilization. This process comprises drying down 
lipids to a film under a stream of nitrogen. This film 
25 is then dissolved in a volatile solvent, frozen, and 
placed on a lyophilization apparatus to remove the 
solvent. To prepare a pharmaceutical formulation 
containing a drug, a solution of the drug is added to the 
lyophilized lipids, whereupon liposomes are formed. 

A variety of methods for preparing various liposome 
forms have been described in the periodical and patent 
•literature. For specific reviews and information on 
liposome formulations, reference is made to reviews by 
x Pagano and Weinstein ( Ann. Rev. B iophysic. Bioeng., 7, 
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ZlT " IOk3 aM P ^ h -J«P»-l«. (Ann. Rev. 

SM^Sipa,, 2. «7- 50 a ,».„>> a „ a addition!^ 
o „ . er of patent,, ror example _ 

4,2» « 0i 4,224 >17 P; 4,127,344; ,,„,,„„ 4 , 217>344 . 
4,241,046; 4,078,052; end 4,235,871. 

r a ca™i T c e JT P ° UndS ° f inVentI ° n "» P"*"" a s a 

isomer. Because of the a v a i lab lllty of D or L startinn 
-terlals, certain of these compounds ere 
prepared as the individual isomer. However, unless the 
speol o isomer Is designated, it should he understood 

as well as the D,L-racemate. 

compounds of f ormul a 1 have one ,. yMrtrlc 5l 
(marked above as • ), and tnus can exlst as 
diastereomers. mdlvldual isomers of oompounds 
formula l are named herein using the IUPAC R-s 
convention, sometimes oalled the 'sequence rule." , 
description of the R-s convention may be found, for 
example, in "Introduction to Organic Chemistry" by A 
Streifieser, Jr. and C. He.thcock, (Macmillan Pub. Co., 

optica?' H 7 ?' P39eS 110 " 114 - " h " e the 
optical activity of a compound m a y be Indicated by <♦) 

<- . or (,), referring to the direction in „ nich a 

solution of the compound rotates a plane of polarized 



Of 

A 



DEFINITIONS 

Alkyl of 6 to 22 c^n~ atoms refers to a fully 
saturated alkane straight or branched chain radical 
having 6 to 22 carbon atoms including hexyl, hep tyl 
octyl, nonyl, decyl, undecyl, dodecyl, tridecyl " 
tetradecyl, pentadecyl, hexadecyl, heptadecyl, octadecyl 
nonadecyl, eicosyl, heneicosyl, and docosyl. 
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Alkenyl of 6 to 22 carbon atoms refers to any 
unsaturated carbon straight or branched chain radical of 
6 to 22 carbon atoms which has 1 or more unsaturated 
bonds in the radical including hexenyl, heptenyl, 
5 octenyl, nonenyl, decenyl, undecenyl, dodenyl, 

tridecenyl, tetradecenyl, pentadecenyl, hexadecenyl, 
heptadecenyl, octadecenyl, ndnadetenyl, eicosenyl, 
heneicosoenyl, and docosenyl. 

Alkyl of 1 to 8 carbon atoms refers to straight or 
10 branched chain alkyl radicals such as methyl, ethyl, 
propyl and butyl, arid the like, up to and including an 
octyl radical and those radicals which are positional 
isomers of these compounds. 

Aryl refers to benzene or naphthalene. 
15 Aralkyl of 7 to 11 carbons refers to a radical 

having an alkyl group to which is attached a benzene ring 
such as the benzyl radical, phenethyl, 3-phenylpropyl , or 
the like. 

■ Drug refers to any therapeutic or prophylactic agent 
20 other than a food which is used in the prevention, 

diagnosis, alleviation, treatment, or cure of disease in 

man or animal. 

A pharmaceutical^ acceptable anion is an anion 
which itself is non-toxic or otherwise pharmaceutical^ 
acceptable and which does not render the compound 
pharmaceutical^ unacceptable. Examples of such anions 
are the halide anions fluoride, chloride, bromide, and 
iodide. Inorganic anions such as sulfate, sulfite, 
phosphate, and nitrate may also be used. Organic anions 
30 may be derived from simple organic acids such as acetic 
acid, propionic acid, glycolic acid, pyruvic acid, oxalic 
acid, malic acid, malonic acid, succinic acid, maleic 
acid, fumaric acid, tartaric acid, citric acid, benzoic 
acid, cinnamic acid, mandelic acid, methane sulfonic 
35 acid, ethane sulfonic acid, p-toluenesulf onic acid, and 
the like. 
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"Z" refers to the cis for* of the compound. 

.herelrV": d e Xr t P n e UndS f ° r " UU ' »»» 
ana are the same and are alkyi of c 

to c 20 carbon at or y c 10 

*-"~i;er:n::;^rr; e T dare 
»o„ i troM;t;eT aecyioxy, - proD - i - i - N ' N > N --^«h yl - 

N -(2,3-di-hexadecyloxy)-p r0 p-i_ vl _ N mm,, . 
ammonium chloride; yi-N,N f N-trimethyl- 

20 N " (2 ' 3 " di - de cyloxy)-prop-l- v i_w M w *. • 

chloride; yl N ' N ' N -trimethylammoni U m 

ch 1 o r -; < ;' 10 " di " deCylOXy) - deC - 1 -^- N . N .-'^-th yla „ onluB 

ffl »e t h y L^:;o d :;l < ir tadecenyloxy,) - but - i - i - N . N .-t-- 



35 
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Compounds of this invention are made by two 
procedures which- depend oh the value of n. ' Where n is 1, 
the compounds most analogous to glycerol, the compounds 
of this invention are derived from D-mannitol. The two 

5 central hydroxy groups of mannitol are first protected by 
formation of a ketal, for example by formation of the 
acetonide. The four remaining hydroxy groups are then 
converted to ethers using the appropriate long chain 
fatty acid. This molecule is then chemically split into 

10 two units of aldehyde of 3 carbons each, wherein two 
carbons are substituted with a long chain alkyl or 
alkenyl group. The aldehyde functionality is then 
converted to a tertiary amine and then further converted 
to either the acid addition salt or a quaternary ammonium 

15 compound. This process is exemplified by Reaction Scheme 
I as follows. 



REACTION SCHEME I 




CH -CH -CH„ 
. I 2,1 2 i 2 
30 R i 0 R Z 0 N-(R) 2 



3 




CH 2 -CH 2 -CH 2 
> R 1 ^ R 2 U N + (R) 3 X" 



5 



I 



35 



In this reaction scheme R and R are as defined 
above and R has the same definition as R" 3 , R , and 
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R 5 above. It should be noted that the term acetonide 
and the term isopropylldine are used Interchangably in 
the following reaction schemes and examples 

The D-mannitol-3,4-acetonide of formula 1 is . known 
compound which may be prepared according to the methods 
of Wiggins, L. F. , J^^J^, 13 (1946) . or 
^ * T1 »«-nd,_M. f ^_cr^^ 

1 (6) 1379 (1979). To "form the compound of formula I, 
perchloric acid is added to a mixture of D-mannitol and 
2,2-dimethoxypropane in acetone to form 1,2-3 4-5 6- 
triisopropylidine-D-mannitol. This compound Is then 
dissolved in 70% acetic acid, heated for 1 1/2 hours, and 
crystallized from ethyl acetate to give 
D-mannitol-3,4-acetonide. 

To effect formation of compound 2, the acetonide is 
dissolved in an appropriate polar solvent such as 
dimethylformamide, diethy If ormamide, or the like To 
this is added a strong base, such as sodium hydride, at 
room temperature. This mixture is then heated 
20 Preferably between about 30<> and 10 oo C> more preferably 
to about 50°C, with stirring for approximately 30 to 90 
minutes, preferably about 60 minutes. To this is then 
added an alkylating agent of the desired chain length 
exemplified by the toluenesulf onate ester of oleoyl 
25 alcohol or by 1-bromohexadecane. Following addition of 
the alkylating agent, the temperature is increased to 
between about 50° and 150°C, preferably about 90°C, with 
additional stirring over a period of up to 2 hours 
preferably about 1 hour. The base/heat/alkylating ' 
30 agent/heat sequence is repeated five times. In the first 
addition, the base is added in an equal molar amount to 
the amount of acetonide being used and the alkylating 
agent i s added in an equa i molar amount. This sequence 
of adding a molar amount of base with heating followed by 
35 a molar amount of the alkylating ester with heating and 
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stirring is repeated four times (for a total of five 
times) in order to effect the formation of compound 2. 

Compound 3, a mannitol tetraether, is made by 
hydrolyzing the ketal, illustrated by the acetonide. The 
hydrolysis is carried out as a single phase reaction 
using a polar, water soluble organic solvent, such as 
tetrahydrofuran. Preferably, the hydrolysis will be 
effected by means of a ltf* "solution of water in 
trif luoroacetic acid. The solution of the mannitol 
tetraether (compound 3) in organic solvent and aqueous 
acid solution is stirred for approximately one hour at a 
slightly elevated temperature, approximately 50°C, or 
thereabouts. The solvent is then evaporated and residual 
acid removed by azeotropic distillation using a solvent 
such as toluene. 

The aldehyde 4 is made by treating diol 3 with an 
oxidant, preferably one such as lead tetraacetate, in a 
solvent best illustrated by chloroform. A slight molar 
excess of lead tetraacetate is used to effect the 
reaction. The mixture is stirred at about ambient 
temperature for up to A hours, preferably about 2 hours, 
at which time the excess lead tetraacetate is quenched by 
addition of ethylene glycol followed quickly by the 
addition of a substantial amount of water. The resulting 
crude aldehyde is recovered by conventional means and may 
be used without further purification directly in the next 
step. 

To effect the formation of the compound of 
formula 5, a di-substituted amine hydrochloride (the 
substituents have the definitions for R 3 , R 4 and R 5 
above) is dissolved in an alcohol, preferably methanol, 
to which solution is added a two-thirds molar amount of 
anhydrous sodium acetate. This mixture is stirred for 
about an hour at ambient temperature and the resulting 
sodium chloride is filtered off. The methanol solution 
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is then added to the crude aldehyde from the preceding 

bays. This product Is then converted to the 
hydrochloride salt by addition of an or ga nlc solvent 
, through „hlch HC1 gas has been bubbled. 

cond T ^ QUaternary a - 0nlu "' "-pound is then preoared by 
condensing an alKyl or aral k yl chloride Into a re ctlon 

after hrch the reaction vessel is sealed and heated to 
bout 50o t0 100 . c> pr=ferably about ?oo "ted o 

hours This procedure aff0 rds the tetra-substituted 
^onru^ohloride product of formula I (.herein each R 
be R , r or R as defined above ,1th the 
Proviso that .hen any of r\ 0I „5 u aefineiJ 

f th f en that ^ ..»..„, on th . 

tn-substituted amine). 

n is "ffir C ° mP0UndS ° f F °™^ I. wherein 

1 and R and "e not the same, are to be 
made, they can be p re p are d by the flowchart of Reaction 
Scheme II which follows. taction 



REACTION SCHFMF II 



CH 



, 2-f"-CH-CH-CH-CH 2 _^ CH 2 .CH-CH-CH-C„-CH 

HO RO OH OH OR OH H0 ^ J, I [. L. 2 



I 



X 



OR OH 



H 2 -CH-CH-CH-CH-CH ^ OH-H-CH-CH-CH-CH 

HO 0 0 OHOR^ R 1 0R 2 2. . i > A 1 
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formula I 



.2 



In this reacton scheme, R is benzyl. R and R 

5 are defined herein above, R 1 being different from R 2 . 
The 2,5-dibenzyl-D-mannitol of formula 7 was 
prepared by the procedure of Baggett, N., A Stribblehil, 
J. Chem. Soc/' Pe'Bkln I , 1323 (1977). Concentrated 
sulfuric acid is added to a solution of D-mannitol and 

1Q benzaldehyde in dimethylf ormamide. After stirring for 3 
days at room temperature, the solution is poured into a 
mixture of ice water, potassium carbonate, and petroleum 
ether. The l,3:4,6-di-0-benzilidine-D-mannitol is then 
dissolved in benzyl chloride and powdered potassium 

15 hydroxide is added. The mixture is heated to 140°C for 3 
hours, then cooled and diluted with water. Extraction 
with chloroform followed by washing with water gives 
2, 5-di-0-benzyl-l,3:4,6-di-0-benzilidine-D-mannitol. 
This compound is dissolved. in ethanol and water and 

20 treated with I'M HC1. After refluxing for 4 1/2 hours the 
reaction mixture is cooled," quenched with barium 
carbonate, and evaporated to dryness. The solid residue 
is triturated with hot ethyl acetate which is then 
evaporated to yield 2, 5-di-O-benzyl-D-mannitol. 

25 The dibenzyl-D-mannitol is dissolved in a dry 

solvent, for example, acetone, to which is added a half 
molar amount of copper sulfate and a small amount of 
concentrated sulfuric acid. This solution is stirred at 
ambient temperature for about 48 hours', at which time the 

3Q mixture is quenched by means of a weak base, preferably 
sodium carbonate, and then stirred for an additional 
period of time to effect the reaction. The solvent is 
also the source of the ketal. 

The position 1 and position 6 hydroxyl groups are 
then etherified by means of a strong base and an 
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dissolved in . non-pol ar solvent> such aj 

, tetrahydrofuran/methanol. A heavy Mt .i T. 

out in an appropriate hydrogenolysls device l„ tM . 
-stance „ith heating t0 about 60 „ t „ „, «• ln ^ 
hours under about 6 0 PSI of hydrogen . ab ° Ut 48 

is formed TtT PreCe " lnS "'drogenoi.sis 

P«par infl Zound ,. 5ame """^ ^ ^ 

aM ,°T tetrasubst "otod D-„,annitol- M _ ketal is 
obtained, it is converted to fornuia I by the series of 
---- above for conversion o ff oL la r t r" 



Those compounds wherein n is 2 tn ft »r 
th. corresponding trio, ~ 
eec ion . ^ ^ ^ th 

»hlch fono.s. This scheme .ay also be used for 
Preparing compounds where n Is 1. 
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PFQP.TTnN SCHEME III 



HOCH.-CHOH-CCH^^CH^H CH— CH -XCH^H.OH 

0 -0 

CH 0 -CH-(CH 9 ) -.CH 2 0CH 2 CH=CH 2 -^ CH.CH-tCH^OCH^CH, 
< 2 > 2 n_1 HO HO 

10 X 



CH -CH -(CH,) - 1 CH 2 )CH 2 CH=CH 2 -> CH 2 -CH 2 (CH 2 ) n:i CH 2 0H 
15 R 1 0 R 2 0 ' ^ ' 



CH--CH r (CH 2 ) nZl CH 2 PTS^»CH 2; CH r (CH 2 ) n - N(R) 2 
20 R l 0 r2q R X 0 R Z 0 



25 CH 2 -CH 2 -(CH 2 ) n - 1 CH 2 N (R^X 



(I) 



In this reaction scheme, R 1 and R 2 are the same 
as defined herein above. In formula I, R is the same as 



30 R 3, r 4 and R^ 



□ 3 a* .. . 

The compounds of formula 12 are known in the 
literature or may be purchased from a chemical supply 
house or may be prepared as indicated herein. 

The ketal of formula 13, preferably the acetonide, 
is prepared by dissolving the appropriate triol in 

24680 FF 
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acetone «ith the addition of a small amount of 
concentrated sulfuric acid. This reaction may be 

TrllTt V SUrrinS SOlUtI °" fM UP t0 4 nours 

at room temperature, preferably about 2 hours. The 
resulting ketal ls then recovere(j by 



orot.M h T P ° Slti0n " 1 hydr ° Xyl 9I0UP is the " 

ion ■ f" 9 ^ allyl 6ther ' C °"°° und ^is 

reaction is carried out by dissolving the alcohol in a 

dry dipolar aprotlc solvent, such as dimethylformamide. 

lI ° n9 baSe " SUCh " Wrld. (an equal molar 

amount), ls ac)dea t „ ^ ^ ^ 

ambient temperature for a set period and then .armed to 
bet.een 60- and 100-C for an equal period. Allyl 
chloride, in about a 9 « mo i ar excess, is then added at 
the elevated temperature ,ith stirring, stirring and 
"eating i s continued for another 30 to 120 minutes 
Preferably about 6 0 minutes. The product is then 
extracted and further purified by chromatographic means. 

of a dU„, the " hvdt0lyzed l ° «"P»un» 15 by means 

of a dUute solution of a strong acid, for example, IN 
HC1 the reaction being carried out in a polar solvent" 
such a 5 methanol , ethanol _ or nke _ sw rt. 

added to the reaction mixture to effeot the hydrolysis. 
Preferably, the solution is heated to about 50»C for 
about 2 hours. 

r nm '"I fi 01 .' C ° mP0Und 15 ' 15 C ° nVerted t0 the tether, 
compound 16, ln the same manner as described above for 
conversion of formula 1 to formula 2. Here again the 
etherxfxction is carried out in a dry dipolar aprotic 
solvent, SU ch as dimethylf ormam ide, using a strong basg 
such as sodium hydride, and the tosyl ester or halide of" 
the appropriate alkyl or alkenyl alcohol. The reaction 
is repeated twice using a one molar equivalent of 
alkylating agent each time. As described previously, the 
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reaction is effected at an elevated temperature, 
preferably between 50° to 150°C, more specifically at 
about 90°C. 

Ttm position-I allyl ether, compound 16, is then 
5 hydrolyzed by means of Wilkinson's catalyst 

[tris(triphenylphosphine), rhodium chloride] in an acid 
medium. The solvent should be a polar solvent such as 
et-hanol, preferably with a co-solvent such as 
tetrahydrofuran. The triether/catalyst mixture is 

1() refluxed for several hours, preferably about 3 hours, at 
which time additional acid (IN HC1) is added and 
refluxing continued for several more hours, approximately 
3 to 4 hours. These conditions effect hydrolysis of the 
allyl ether to compound 17. 

15 The alcohol, compound 17, is then converted to the 

amine by first creating an intermediate 
p-toluenesulfonate ester, compound 18, to which is added 
a di-substituted amine to effect formation of the amine 
compound, compound 19. By way of illustration, the 

20 alcohol is dissolved in a suitable solvent, such as 
pyridine, to which is added p-toluenesulf onyl chloride. 
This mixture is stirred overnight at ambient temperature, 
then cooled in ice water and the product recovered by 
extraction means. The crude product is immediately 

2g dissolved in a di-substituted amine, preferably 

dialkylamine, and placed in a sealed container at ambient 
temperature for about 1 day to effect formation of the 
tri-substituted amine. 

The alcohol, compound 17, can also be converted to 
the quarternary amine wherein R 3 , r\ and/or R 5 
form a ring with the nitrogen by reacting compound of 
formula 17 with p-toluenesulf onyl chloride to give the 
crude tosylate. This compound can be dissolved in methyl 
ethyl ketone and sodium iodide is added. The mixture is 

^ refluxed for 5 hours. The resulting iodopropane compound 
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is dissolved in dichloromethane and the appropriate 
cyclic nitrogen containing compound is added The 

ZTr 1S / ealed " 3 PPeSSUre TeaCt0r and ^«tad to 
100 C for 48 hours followed by chromatography to obtain 
the appropriate quarternary ammonium compound in which 

. R . and R form a ring with nitrogen, for 
example, quinuclidine. Alternatively the alcohol, 
compound 17, ls conv erted to the tosylate, compound 18, 

fnrll reaCt6d in 3 S6aled pressure "actor to 

form the quarternary compound without going through the 
formation of the iodine containing compound. 

If two of R , R 4 , and R 5 form a ring with 
nitrogen, for example, pyrrolidine, piperidine, or 
■orpholine, then alcohol 17 is converted to amine 19 as 
described above. Amine 19 is then reacted with a 
di-substituted amine hydrochloride to form the 
corr ding compQund of fQrmuia x ^ 

Procedure, as given above for the reaction of compound 5 
to a compound of formula I. 

The tri-substitutod amine, compound 19, Is most 
conveniently converted to an acid addition salt 

^Product! h ~ r " e "»■»■-"• " i»l.«n. 

The quaternary ammonium product, formula I, is then 
prepared in the same manner as described hereinabove for 
the preparation of formula I. 

The following examples are given to illustrate the 
reparation of the subject compounds and provide examples 
of their use m pharmaceutical formulations and the 
preparation of liposomes. These examples are intended to 
be illustrative only and not to be limiting in any manner. 
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PREPARATION 1 
1,2:3, 4:5,6-trlisopropylidine-D-mannitol 
Perchloric acid (3.5 ml, 7055) was added to a mixture 
of D-mannitdl (100 grams') and 2, 2-dimethbxypropane (700 
ml) in acetone (100 ml). After stirring this mixture at 
room temperature for 18 hours, sodium bicarbonate (5 
grams) was added to the solution. This mixture was 
stirred aitTGtwj temperature for 1 hour and .then was 
filtered. The filtrate was concentrated to 1/2 of the 
original volume and diluted with water (500 ml) to give 
the title compound. 

PREPARATION 2 
D-mannitol-3,4-acetonide 
1,2:3, 4:5, 6-triisopropylidine-D-mannitol (90 grams) 
was dissolved in 10% acetic acid (250 ml) and heated at 
45°C for 1.5 hours. The mixture was concentrated in 
vacuo to an oil. This oil was resuspended in toluene 
(150 ml) and again concentrated in vacuo . The resulting" 
oil was dissolved in ethyl acetate (400 ml) and cooled to 
-5°C. The title compound crystallized from this mixture. 

EXAMPLE 1 
1,3:4, 6-Di-O-benzylidine-D-mannitol 
Concentrated sulfuric acid (40 ml) was added to a 
solution of D-mannitol (200 grams) and benzaldehyde (240 
ml) in dimethylformamide (600 ml). After stirring this 
solution at room temperature for 3 days, the mixture was 
poured' into a stirred mixture of ice water (6 liters), 
potassium carbonate (60 grams) and petroleum ether 
(1 liter). The resulting solid was collected by 
filtration, washed with petroleum ether and triturated 
win hot chloroform to give the title compound, m.p., 
190-191°C. 
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EXAMPLE 2 

2,5-Dl-0-benzyl- Lli A A 6-^^ 

Powdered potassium hydroxide (37 grams) was added to 
1,3:4,6 -di-O-te^ylidene-D-mannitol (10 grams) dissolved 

5 in benzyl chloride (64 ml). The mixture was heated at 
140°C for 3 hours, then cooled and diluted with water 
(200 ml). Extraction with chloroform, followed by 
washing with water and evaporation gave a solid, which 
was crystallized from petroleum ether to give the 

|o captioned compound, m . p ., 102-103°C. 

EXAMPLE 3 
2, 5-Dl-Q-be nzyl-D-manni to 1 

2 . 5 -Di-0-benzyl-l,3:4,6.di.0-benzylidene-D-m a nnitol 

6 ll °- 9 Qrams) diss °lved in ethanol (150 mi ) and water (22 
ml) was treated with 1M HC1 (7 ml). After refluxing this 
-xture for 4.5 hours, the reaction was cooled and 
quenched with barium carbonate, then evaporated to 
dryness. The solid residue was triturated with hot ethyl 

0 acetate, which was then evaporated to give the captioned 
compound, m.p., 116-117<»C. 

EXAMPLE 4 
1,2,10-DecanetHnl 

. 9-Decen-l-ol (25.0 grams, 160 mM) was dissolved in a 

solution made up of t-butanol (100 ml), acetone (90 ml) 
and water (10 ml). To this solution was added 
trimethylamine-N-oxide (26.6 grams, 240 mM ) and 2 ml of a 
solution of osmium tetrdxide (500 mg) in t-butanol (25 

} «1>. The resulting solution was stirred 20 hours under 
nitrogen then 10% sodium bisulfite was added (50 ml) 
The mixture was concentrated, then taken up in 
tnchloromethane and washed 2 times with water, dried 
with Na 2 S0 4 and concentrated to give 

. 1,2,10-decanetriol as an oil. This material was used 
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without further purification in preparation of the 
corresponding compound of formula I following the 
procedures described in Examples 16 through 22 below. 

EXAMPLE 5 

2 t 5-Di-0-benzyl-D-mannitol-3,4-acetonide 
2,5-Di-O-benzyl-D-mannitol (48 grams, 133 mM) 
dissolved in dry acetone (1000 ml) was treated with 
copper( II) sulfate (10 grams, 62.6 mM) and concentrated 
sulfuric acid (2 ml). After stirring at room temperature 
for 48 hours, the mixture was quenched by the addition of 
solid sodium carbonate, followed by stirring for 3 
hours. The reaction mixture was filtered and 
concentrated and the residue was crystallized from 
hexane/ethyl acetate to give 38.0 grams of the title 
compound, m.p. 73-74°C. 

The title compound is then reacted using the 
procedures of examples 16 through 22 below to obtain 
N-(9,10-di-(9-(Z)-octadecenyloxy))-dec-l-yl-N,N,N-tri- 
methylammonium chloride. 

EXAMPLE 6 

2, 5-Di-0-benzyl-l,6-didecyl-D-mannitol-3,4-acetonide 
A mixture of 2,5-di-O-benzyl-D-mannitol- 
3,4-acetonide (10.0 grams, 25 mM) , powdered potassium 
hydroxide (23 grams) and decyl bromide (40 ml) in xylene 
(300 ml) was heated at reflux for 4 hours. The mixture 
was cooled, diluted with hexanes (300 ml), decanted from 
excess salts and applied to a column of dry silica gel 
(1 Kg). Elution with hexanes followed by a gradient of 0 
to 50% ether in hexanes gave the title compound as an oil. 
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EXAMPLE 7 
l,g-Didecyl-D-mannitol-3,4-acetonidp 
Dibenzyl compound of Example 6 (6.0 grams, 8.8 mM) 
was dissolved in tetrahydrof uran/methanol (1:1, 100 ml). 
After bubbling nitrogen through for several minutes, 10% 
palladium on carbon (1 gram) was added and the mixture 
was shaken at 70°C under 60 psi hydrogen for 48 hours. 
The mixture was filtered and concentrated to give the 
title compound (4.3 grams) as a white solid; m.p. 36-39°C. 

EXAMPLE 8 

l,6-Didecvl-2,5-dih exadecvl-D-mannitol-3.4- aC etonide 
l,6-Didecyl-D-mannitol-3,4-acetonide (4.3 qrams, 
8.57 mM) and bromohexadecane (7.84 grams, 25.7 mM) were 
dissolved in xylene (40 ml) and KOH (5.0 grams) was 
added. This mixture was stirred at reflux for 1.5 
hours. After cooling the mixture was decanted onto a 
column of silica gel (dry, 200 grams), then eluted with 
hexanes followed by 3% ether in hexanes to give the title 
compound (7.3g) as an oil. 

The procedures set out in examples 10, 11 and 12 
below are followed to form (S) N-(3-decyloxy-2-hexadecy 1- 
oxy)-prop-l-yl-N,N-dimethylamine hydrochloride, m.p. 
45-48°C, [a]* 5 -18.7° (CHClj); and (S) N-(3- 

decyloxy-2-hexadecyloxy)prop-l-yl-N,N,N-trimethylammonium 
chloride, m.p. 88-90°C, [ a]^ 5 -24.7° (CHClj). 

EXAMPLE 9 

l,2 < 5,6-Tet raoleoyl-D-mannitol-3,4-acetonide 
D-Mannitol-3,4-acetonide (5.0 grams, 22.52 mM) was 
dissolved in dimethylf ormamide (200 ml, distilled from 
calcium hydride under reduced pressure). To this 
solution was added sodium hydride (1.08 grams, 22.52 mM, 
50% oil dispersion) and the mixture was heated to 50°C 
and stirred for 1 hour (mechanical stirrer required). To 
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the resulting mixture was added the toluenesulf onate of 
oleoyl alcohol (9.5 grams, 22.52 mM) . The temperature 
was increased to 90°C and stirring was continued for 1 
hour. 

5 The sequence of addition of sodium hydride (same 

amount) and stirring 1 hour, then addition of oleoyl 
tosylate (same amount) and stirring 1 hour, all at a 
constant 90°C 1 was repeated 4 more times (total of 5 - - 
times). The reaction mixture was allowed to cool to room 

10 temperature than poured slowly into a saturated solution 
of sodium chloride (500 ml). The resulting mixture was 
extracted with hexanfes (3 x 250 ml), dried (potassium 
carbonate) and concentrated. The crude product was 
chromatographed over silica gel (1000 grams) eluting with 

15 a gradient of from 0 to 5* diethyl ether in hexanes to 
give 13.93 grams of the title compound as a viscous oil. 

EXAMPLE 10 
1,2,5,6-Tetraoleoyl-D-mannltol 

20 To a solution of 1,2,5,6-tetraoleoyl-D-mannitol- 

■ 3 , 4-acetonide (24.0 grams, 19.62 mM) in tetrahydrof uran 
(100 ml) was added H 2 0:trif luoroacetic acid (1:9, 100 
ml). This solution was stirred for 1 hour at 50°C, then 
concentrated to an oil by rotary evaporation. Toluene 

2 5 (200 ml) was added and evaporated to azeotropically 
remove the residual acid. The crude material was 
dissolved in diethyl ether (100 ml) and a saturated 
solution of ammonium hydroxide in water (10 ml) was 
added. This mixture was stirred for 2 hours and then the 

30 ether phase was washed two times with water, dried 

(magnesium sulfate) and concentrated. The crude product 
was suitable for further reaction; a small portion was 
purified by column chromatography over silica gel (10% 
ethyl acetate/hexanes) to give an analytical sample of 

35 the desired diol as a viscous oil. 
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EXAMPLE 11 

Ndlxj-Di-(9-(Z) - 0 ctadecenYlox v )) pro p- 1 _ vl _ 
N.N.-dlmethy larrHnP 
The crude diol 1,2,5,6-tetraoleoyl-D-mannitol 
5 described in the previous example, was dissolved in 

chloroform (500 ml) and lead tetraacetate (li.a grams , 
. .26 0 mM ) was added. This . mixture was stirred for 2 hours 
and then ethylene glycol (5 ml) was added followed 
quickly by water (100 ffllK The water phase drawn 

Q and the organic phase was washed once with saturated 
sodium chloride solution, dried (magnesium sulfate), and 
concentrated to an oil to give the crude aldehyde which 
was used immediately in the next step. 

To a solution of dimethylamine hydrochloride (35 5 

s gra-ns, 435 mM) in meth anol (150 ml) was added anhydrous 
sodium acetate (24 grams, 282 mM). The mixture was 

waTfn/ 0 ? "° Ur th6n reSUUin9 SOdium chl °^* 
was filtered off and the clear methanol solution added to 

the crude aldehyde. Tetrahydrof uran (150 ml) was added 

, followed by 3 Angstrom molecular sieves (about 20 

grams). Sodium cyanoborohydride (1.5 grams, 23.9 nM ) was 

added and the mixture was stirred at 50°C for three 

days. The crude reaction mixture was filtered through 

celite (washing with 1:1 tetrahydrof uran) and the 

solution was strongly acidified with IN HC1 and stirred 

for 1/2 hour. The solution was then made strongly basic 

with 10, NaOH and extracted with diethyl ether (3 \ 200 

ml). The crude product was purified by column 

chromatography over silica gel using a gradient of 0 to 

10% methanol in chloroform to give the captioned 

dimethylamino product as a viscous oil. 

The hydrochloride salt of the title compound was 

Prepared by dissolving the foregoing product (100 m g) in 

ether (10 ml) and adding three drops of ethyl acetate 

saturated with HC1 gas . The resulting solution was 
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concentrated and placed under high vacuum for 24 hours. 
The resulting product was a gummy solid as the S isomer. 

In a similar manner, substituting the appropriate 
diol compound from Example 10, the following compound was 
prepared : 

(S) N-(2,3-di-hexadecyloxy)-prop-l-yl-N,N-dimethyl- 
amine hydrochloride, m.p. 49-50°C, [a]* 5 -8.39° 

(cHci 3 r. ■ • ■ . 

EXAMPLE 12 

N-(2,3-Di-(9-(Z)-octadecenyloxy))-prop-l-yl- 
N,N,N-trimethylammonium chloride 

The dimethyl amino product N-(2,3-di-(9- 
(Z)-octadecenyloxy))-prop-l-yl-N,N-dimethylamine (10 
grams) was placed in a Parr pressure reactor and cooled 
to -78°C. Methyl chloride (about 50 ml) was condensed 
into the reaction vessel, which was then sealed and 
heated to 70°C for 48 hours. The reaction vessel was 
cooled and opened and the methyl chloride allowed to 
evaporate under a stream of nitrogen. The crude product 
was crystallized from acetonitrile to give the title 
compound as an off-white solid, (S) N-(2,3-di-(9-(Z)- 
octadecenyloxy)-prop-l-yl-N,N,N-trimethylammonium 
chloride, [a]* 5 -20.0° (CHC1 ? ); 

Proceeding in a similar manner, but substituting for 
N-(2,3-di-(9-(Z)-octadecenyloxy))-prop-l-yl-N,N-dimethyl- 
amine the appropriate precursor, the following compounds 
are prepared: 

( S) N-( 2, 3-di-decyloxy )-prop-l-yl-N ,N , N-trimethyl- 
ammonium chloride, m.p. 87-88°C, [ a]p 5 -26.5° 
(CHCl-j) ; 

(S) N-(2,3-di-hexadecyloxy)-prop-l-yl-N,N,N-tri- 
methylammonium chloride, [a]^ 5 -23.4° (CH 3 0H) ; 

(S) N-(2,3-di-(4-(Z)-decenyloxy))-prop-l-yl-N,N,N- 
trimethylammonium chloride, wax, [alp 5 0° 
(CHC1 3 ); 
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(S) N-(2,3-di-docosyloxy)-prop-l-yl-N,N,N-tri- 
methylammonium chloride, m.p. 161-163°C, [a] 25 
-15.7° (CHC1 3 ); and ° 
( ±) N-(2,3-di-(9-(Z)-octadecenyloxy)- 
5 prop-l-yl-N,N,N-trimethylammonium chloride, m.p. 35-38°C, 
NMR (300 MHz, CDC1 3 ) 5.35 (t, J=5 Hz, 4H) , 4.15-3.90 
(m, 2H), v.3.80-3.40 (m, 3H), 3.49 (s, 9H), 3.43 (t, 0=7 
Hz, 4H), 2.01 (m, 8H), 1.56 (m, 4H) , 1.27 (m, 40K) , 0.88 
(t, 0=7 Hz, 6H0. 

10 

EXAMPLE 13 
2,3-Di(9-(Z)-octadecenyl)propan-l-ol 
The crude diol 1,2, 5, 6-tetraoleoyl-D-mannitol 
described in example 10, was dissolved in chloroform (500 

15 ml) and lead tetraacetate (11.8 grams, 26.0 mM) was 
added. This mixture was stirred for 2 hours and then 
ethylene glycol (5 ml) was added followed quickly by 
water (100 ml). The water phase was drawn off and the 
organic phase was washed once with saturated sodium 

20 chloride solution, dried (magnesium sulfate), and 

concentrated to an oil to give the crude aldehyde which 
was used immediately in the next step. 

Crude 2,3-di(9-(Z)-octadecenyl)propan-l-al (10.0 
grams, 16.9 mM) was dissolved in tetrahydrof uran/methanol 

25 (1:1, 200 ml) and cooled to 0°C. Sodium borohydride 
(3.13 grams, 85.0 mM) was added and the mixture was 
stirred overnight. The solution was acidified with IN 
HC1 to pH<2, diluted with ether, washed with water, 
concentrated and column chromatographed (chloroform) to 

30 give the title compound as an oil. 



35 
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EXAMPLE 14 

2, 3-Di-(9-(Z)-octadecenyloxy)-l-iodopropane 
The alcohol 2,3-di(9-(Z)-octadecenyl)propan-l-ol 
(5.0 grams, 8.36 mM) was dissolved in pyridine (50 ml) 

5 and p-toluenesulf onyl chloride (1.91 grams, 10.0 mM) was 
added. The solution was stirred for 24 hours then poured 
into ice water, extracted with ether and washed with IN 
HC1 until the aqueous layer' remains "acidic. The organic 
phase was dried (magnesium sulfate) and concentrated to 

1Q give crude tosylate. The material was dissolved in 
methyl ethyl ketone (50 ml), sodium iodide (1.5 grams, 
10.0 mM) was added and refluxed for 5 hours. The solvent 
was stripped and the residue was taken up in ether and 
washed with water. The organic layer was concentrated 

15 and chromatographed to give the title compound as an oil. 

EXAMPLE 15 

N-(2,3-Di-(9-(Z)-octadecenyloxy))-prop-l-yl- 
quinuclidinium chloride 

2Q The iodopropane of Example 14 (2.0 grams, 2.82 mM) 

was dissolved in dichloromethane (1 ml) and quinuclidine 
(1.57 grams, 14.1 mM) was added. The solution was sealed 
in a pressure reactor and heated to 100°C for 48 hours. 
The crude product was chromatographed over a small plug 

25 of silica gel (0 to 5% methanol in chloroform) and then 
ion exchanged over dowex 2-X8 (chloride form, eluting 
with methanol) to give the title compound, (S) N-(2,3-di- 
(9-(Z)-octadecenyloxy))-prop-l-yl-quinuclidinium iodide, 
m.p. 81-83°C, [a]^ 5 -33.5° (CHCl^) ; 

3 q In a similar manner, but substituting the 

appropriate starting material, the following compounds 
were prepared: 

( ±) N-methyl-N-(2, 3-di-hexadecyloxy)-prop-l-yl- 
35 pyrrolidinium chloride, m.p. 71-73°C; 
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( ±) N-methyl-N-(2, 3-di-hexadecyloxy)-prop-l-yl- 
piperidinium chloride, m.p. 111-116°C; 

( ±) N-roethyl-N-(2,3-di-hexadecyloxy)-prop-l-yl- 
morpholinium chloride, m.p. 118-121°C. 

EXAMPLE 16 
5 t 6-isop ropylldine-hexan-l-ol 
1,2,6-Hexanetriol (31 grams, 0.23 mM) was stirred 
with acetone (150 ml). To this mixture was added 
concentrated sulfuric acid (5 drops). The resulting 
solution was stirred for 2 hours at room temperature. 
The reaction solution was diluted with diethyl ether, 
washed with saturated sodium bicarbonate solution, dried 
(magnesium sulfate) and concentrated to give the title 
compound (31 grams) as a clear oil. 

EXAMPLE 17 
5,6-isopropylidine-he xan-l-allyl ether 
The hexan-1-ol of Example 16 (30 grams, 172 mM) was 
dissolved in dry dimethylf ormamide (500 ml). To this 
solution was added sodium hydride (8.28 grams, 172 mM, 
50* oil dispersion) and the mixture was stirred for 1/2 
hour at room temperature then warmed to 90°C over 1/2 
hour. To this mixture was added allyl chloride (21 ml, 
258 mM) and the stirring was continued for 1 hour. After 
cooling, the mixture was poured into water and extracted 
with ether (2 x 100 ml). The combined ether extracts 
were washed with brine, dried (magnesium sulfate) and 
concentrated. Chromatography over silica gel (10* ether 
in hexanes) gave the title product as a clear oil; 
bp=70°C at 0.01 mmHg. 
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EXAMPLE 18 
5.6-di-hydroxy-hexan-l-allyl ether 
In ethanol (100 ml) was dissolved 
5,6-isopropylidlne-hexan-l-allyl ether (20 grams, 93.9 
mM) to which was added 20 ml of IN HC1. The solution was 
then heated to 50°C for 2 hours. The resulting solution 
was concentrated, then taken up in chloroform (100 ml) 
and washed with brine (2 x 10" ml), dried (sodium sulfate')" 
and concentrated to give the title compound as a clear 
oil. 

EXAMPLE 19 

5,6-Dl(9-(Z)-octadecenyloxy)-hexan-l-allyl ether 
The product of Example 18 (3.45 grams, 19.83 mM) was 
dissolved in dry dimethylf ormarnide (60 ml). To this 
solution was added sodium hydride (951 mg, 19.8 mM). The 
mixture was heated to 90°C and oleoyl tosylate (8.37 
grams, 19.8 mM) was added. Stirring was continued for 1 
hour at which time a second equivalent of sodium hydride 
(951 mg, 19.8 mM) was added. After 15 minutes a second 
equivalent of oleoyl tosylate (8.37 grams, 198 mM) was 
added and stirring was continued for 1 hour. The 
reaction mixture was poured into water and extracted with 
ether (2 x 100 ml). Column chromatography over silica 
gel (0 to 5% ether in hexanes) gave 3.5 grams of the 
title compound as a clear oil. 

EXAMPLE 20 
5,6-Di(9-(Z)-octadecenyloxy)-hexan-l-ol 
The triether of Example 19 (3.20 grams, 4.74 m M) was 
dissolved in ethanol/tetrahydrof uran (1:1, 30 ml) and 
Wilkinson's catalyst (tris(triphenylphosphine) , rhodium 
chloride, 200 mg) was added followed by 0.1N HC1 (1 ml). 
This mixture was refluxed for 3 hours then 1 N HC1 (5 ml) 
was added and refluxed 4 hours. The solution was cooled 
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and concentrated. Diethyl ether was added and washed 
with brine, dried (magnesium sulfate), concentrated and 
chromatographed over silica gel (5 to 50% ether in 
hexanes) to give 2.56 grams of the title alcohol as an 
oil. 



EXAMPLE 21 - 

jt) N-(5 t 6-dl-( 9-(Z)-octadecenyloxv))-hex-l-yl- 
N,N-dimethyl amine 

The substituted hexan-l-ol from Example 20 (2.50 
grams, 3.94 mM) was dissolved in pyridine (20 ml) and 
p-toluenesulfonyl chloride (0.90 grams, 4.73 mM) was 
added. This mixture was stirred overnight at room 
temperature then poured into ice water and stirred 1/2 
hour, the resulting mixture was extracted with ether and 
the ether phase was washed with 0.1N HC1, dried 
(magnesium sulfate) and concentrated. This crude 
intermediate was immediately dissolved in dimethylamine 
and placed in a sealed tube at room temperature for 20 
hours. The tube was cooled to 0°C and opened. The 
dimethylamine was allowed to evaporate under a stream of 
nitrogen, column chromatography of the crude product 
over silica gel (0 to 5% methanol in chloroform) gave the 
title product as a very thick oil. The hydrochloride was 
prepared as described in Example 11. This was also an 
oil, NMR (300 MHz, CDCI3) 5.40-5.30 (m, 4H) , 3.65-3.50 
(m, 1H), 3.50-3.30 (m, 6H) , 3.05-2.90 (m, 2H), 2.79 (s, 
6H), 2.10-1.65 (m, 11H), 1.65-1.45 (m, 8H) , 1.45-1.15 ' 
(m,44H), 0.95-0.80 (m, 6H). 

In a similar manner, but substituting the 
appropriate starting material, the following compounds 
were prepared: 

(±) N-(3,4-di-(9-(z)-octadecenyloxy))-but-l-yl-N,N- 
dimethylamine hydrochloride, oil, NMR (90 MHz, CDC1 3 ) 
5.33 (t, J=5 Hz, 4H), 3.85-3.15 (m, 18H) , 2.20-1.80 (m, 
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8H), 1.70-1.00 (m, 50H), 0.88 (t, 3=7 Hz, 6H) ; 

(±) N-(9,10-di-(9-(Z)-octadecenyloxy))-dec-l-yl- 
N,N-dimethylamine hydrochloride, wax, NMR (90 MHz, 
COClj) 5.2T4 (t, 3-5 Hz', AH), 4.65-4.25 (m, 9H) , 2.81 
5 (s, 3H), 2.75 (s, 3H), 2.20-1.75 (m, 8H), 1.75-1.00 (m, 
62H), 0.88 (t, J=7 Hz, 6H) . 

EXAMPLE 22 • 

j ±) N-(5,6-Di-(9-(Z)-octadecenyloxy))-hex-l-yl- 
1Q N,N,N-triroethylatnmonium chloride 

This product was prepared in the same manner as set 
out in Example 12. 

(±) N-(5,6-di-(9-(Z)-octadecenyl))-hex-l-yl-N,N- 
dimethyl-amine hydrochloride, oil, NMR (300 MHz, CDCI3) 
15 5.35 (t, 3=5 Hz, 4H), 3.70-3.30 (m, 7H), 2.97 (m, 2H) , 
2.79 (s, 6H), 2.10-1.70 <m, 10H) , 1.70-1.10 (m, 59H), 
0.88 (t, 3=7 Hz, 6H); 

( ±) N-(5,6-di-(9-(Z)-octadecenyloxy))-hex-l-yl- 
N,N,N-trimethylammonium chloride, oil; 
2Q In a similar manner, using the appropriate starting 

material, the following compounds were prepared: 

( ±) N-(9,10-di-(9-(Z)-octadecenyloxy))dec-l-yl- 
N,N,N-trimethylammonium chloride, oil, NMR (300 MHz, 
CDC1 3 ) 5.40-5.30 (t, 0=t Hz, 4H) , 3.70-3.30 (m, 9H) , 
3.46 (s, 9H), 2.10-1.90 (m, 8H), 1.85-1.65 (m, 2H) , 
1.60-1.20 (m, 50H), 0.88 (t, J=7Hz, 6H) ; 

(±) N-(3,4-di-hexadecyloxy)but-l-yl-N,N,N- 
trimethylammonium chloride, m.p. 177-179°C. 

EXAMPLE 23 

30 

The following compositions illustrate the use of the 

instant compounds in pharmaceutical formulations. 

1) Thirty-four mg of N-(2,3-di-(9-(Z)- 
octadeceny loxy) )-prop-l-yl-N , N, N-trimethylammonium 
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chloride and 6.3 mg of 9-(l,3-dihydroxy-2-propoxymethyl) 
guanine dipalmitate were dissolved in chlorof orm/methanol 
(2sl: 2-ma). Solvent was removed under a stream of 
nitrogen and placed in vacuo overnight. The dried film 
5 was suspended in 1 ml of 50 mM phosphate buffered saline, 
pH 7.4 and sonicated to clarity. 

2) A topical formulation was prepared by dissolving 
0.025 mg of fluocinolone acetonlde [6a, 

1Q 9a-difluoro-llB, 16a, 17a, 21-tetrahydroxy-pregna- 
l,4-diene-3,20-dione 16,17-acetonide] 0.25 grams of 
N-(2,3-di-(9-(Z)-octadecenyloxy))-prop-l-yl-N,N l N-trimethyl 
ammonium chloride in 20 ml of dichloromethane . The 
solvent was evaporated under a stream of nitrogen gas 

15 until a dry film was obtained. The film mixture was 
placed under vacuum overnight to evaporate off the 
dichloromethane completely. The dry film was then 
suspended in 25 ml of IX sodium chloride solution. The 
suspension was sonicated until visually clear. 

20 

3) Fluocinonide [6a, 9a-dif luoro-116, 16a, 
17a,21-tetrahydroxy-pregna-l,4-diene-3,20-dione, 16,17- 
acetonide-21-acetate] 0.025 grams and 1.0 grams of 

N-(2,3-di-(9-(Z)-octadecenyloxy))-prop-l-yl-N,N,N-trimethyl 
25 ammonium chloride were dissolved in 20 ml of 

dichlormethane which was then evaporated under a stream 
of nitrogen gas until a dry film is obtained. This film 
mixture was placed under vacuum overnight to evaporate 
off residual dichloromethane. The resulting film was 
3Q suspended in 25 ml of 1% sodium chloride solution and 
sonicated until visually clear. 

4) There was dissolved 160 mg N-(2,3-di-(9-(Z)- 
octadecenyloxy))-prop-l-yl-N,N,N-trimethylammonium 
chloride and 20 mg butoconazple nitrate 
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[l_[4-(4-chlorophenyl)-2-(2,6-dichlorophenylthio)-n-butyl] 
imidazole nitrate] in 2 mis of chloroform. The 
chloroform was removed under a stream of nitrogen and the 
residue was placed under vacuum overnight to remove 
5 residual chloroform. The resulting film was suspended in 
2 mis of purified water by hand shaking and vortexing. 

5) Diarachidoylphosphatidyl choline, 6-0 mg, and 5.4 
mg N-(2,3-di-(9-(Z)-octadecenyloxy))-prop-l-yl-N,N,N- 

10 trimethylammonium chloride was dissolved in 2 ml of 

chloroform which was removed under a stream of nitrogen - • 
and placed under vacuum overnight to remove residual 
solvent. The resulting film was suspended in 2 mis of 
purified water containing 20 million units of 

15 beta-interf eron by gentle trituration to avoid excessive 
foaming. 

6) Thirty mg of N-(2, 3-di~(9-(Z)-octadecenyloxy) )- 
prop-l-yl-N,N,N-trimethylammonium chloride and 3 mg of 

20 6-0-stearoyl-N-acetyl-muramyl-L-d-aminobutyryl-D- 

isoglutamine were dissolved in chloroform. A nitrogen 
stream was used to remove the majority of the solvent, 
the residue being removed under vacuum. The resulting 
film was suspended in 1 ml of purified water and treated 

25 with ultrasound until clear. 

7) Distearoylphosphatidyl choline, 2.22 mg, 1 mg 
N-(2,3-di-(9-(Z)-octadecenyloxy))-prop-l-yl-N,N,N-trimethyl 
ammonium chloride and 0.23 mg of cholesterol were 

30 dissolved in 1 ml chloroform. Solvent was removed under 
a stream of nitrogen and the residue placed under vacuum 
overnight. The dried film was suspended in 6 mM 
phosphate buffered saline containing 8% Triton X-100 (0.5 
ml). To this was added 50 ug of lectin affinity column 

35 purified bovine herpes antigen. T+ien 1 ml of packed 
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BioBeads was added (to remove Triton X-100) and shaken 
gently for 2 hours at 55°C after which the BioBeads were 



decanted. 



5 8) 14 Micromoles of dioleoylphosphatidyl choline 

and 6 micromoles of N-(2, 3-di-(9-(z)-octadecenyloxy ) ) - 
PXop-l-yi-N.N.W-mmethylammorvium chloride were dissolved 
in 2 ml of chloroform and then dried down under a stream 
of nitrogen. The resulting dried film was placed under 

10 vacuum for 1/2 hour, after which the film was then 

dissolved -into 1 ml of cyclohexane, transferred to a 100 
ml round-bottomed flask and frozen on dry ice. The 
flasks were then attached to a lyophilization apparatus 
and the cyclohexane removed. Murine gamma interferon 

15 solution [0.2 ml (500,000 units/ml) was suspended in a 
buffer containing 10 mM monopotassium phosphate, 2 mM 
sodium chloride and 3 mM potassium chloride (adjusted to 
PH 8.0 with potassium hydroxide)] was then added to the 
lyophilized lipids which caused formation of liposomes. 

20 The liposomes were then diluted to a convenient ' 
concentration with more phosphate buffer as needed. 

In a similar manner other concentrations of drug in 
liposome can be prepared. By varying the amount of 
aqueous solution added to the film, the concentration of 

25 drug in the final liposome formulation can be varied 
between 0.05 and 10% by weight. 



EXAMPLE 24 

The ability to solubilize a drug is increased by use 
30 of the compounds and liposomes of this invention. In 
this way a greater concentration of a normally insoluble 
or sparingly soluble drug can be presented to the body. 
For example, 

l-[4-(4-chlorophenyl)-2-(2 l 6-dichlorophenylthio)- 
35 n-butyl] imidazole nitrate without the presence of any of 
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the compounds of this invention is insoluble in aqueous 
buffer (phosphate buffered saline, pH 7.4). 

A 0.3% soluble preparation of the above drug was 
prepared using the following method: 

18 mg of l-[4-(4-chlorophenyl)-2-(2,6-dichlorophenyl- 
thio)-n-butyl] imidazole nitrate and 482 mg of N-(2,3-di- 
(9-(Z)-octadecenyloxy)-prop-l-yl-N,N,N-trimethylammonium 
chloride were dissolved in methylene 'dichloride. The 
methylene dichloride was evaporated under a stream of 
nitrogen and the dried film placed under vacuum 
overnight. The dried film was suspended in phosphate 
buffered saline, pH 7.4, and sonicated to clarity. 



25 



30 



35 
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CLAIMS 



1. 



A compound of the formula 



5 




I 



or an optical isomer thereof wherein R 1 and R 2 are the same 
10 or different and are an alkyl or alkenyl group of 6 to 22 
carbons; R 3 , R 4 and R 5 are the same or different and are 
hydrogen, alkyl of 1 to 8 carbon atoms, aryl, aralkyl of 7 
to 11 carbons, or when two or three of R 3 , R 4 , and R 5 are 
taken together form guinuclidino, pyrrolidino, piperidino, 
15 or morpholino; n is 1 to 8; and X is a pharmaceutical^ 
acceptable anion. 

2. A compound according to claim 1 wherein R 1 and R 2 are 
the same and are alkenyl of 10 to 20 carbon atoms, R 3 , R 4 , 

20 and R 5 are hydrogen, methyl or ethyl and n is 1 to 4 . 

3. A compound according to claim 2 selected from 

( + ) N- ( 2 , 3-di- ( 9- ( Z ) -octadecenyloxy ) ) -prop-l-yl-N , N- 
trimethylammonium chloride or an optical isomer thereof; 
25 ( + ) N-(2,3-di-(4-(Z)-decenyloxy) ) -prop-l-yl-l-tri- 

methylammonium chloride or an optical isomer thereof; 

(+) N- ( 3 , 4-di- ( 9- ( Z ) -octadecenyloxy ) ) -but-l-yl-N, N , N- 
trimethylammonium chloride or an optical isomer thereof; and 
( + J N-( 5 , 6-di- ( 9- ( Z ) -octadecenyloxy ) ) -hex-l-yl-N,N,N- 
30 tr imethylammonium chloride or an optical isomer thereof. 

4. A compound according to claim 1 wherein R 1 and R 2 are 
the same and are alkyl of 10 to 20 carbon atoms, R 3 , R 4 , and 
R 5 are hydrogen, methyl or ethyl, n is 1 to 4 and X is a 

35 halide ion. 



5. A compound according to claim 4 selected from 



38 



0187702 



(+) N-(2,3-di-hexadecyloxy)prop-l-yl-N,N,N-trimethyl- 
ammonium chloride or an optical isomer thereof; and 

(+) N-(2,3-di-octadecyloxy)prop-l-yl-N,N,N-trimethyl- 
ammonium chloride. 

■6. A compound according to claim 1 wherein R 1 is alky L or 
alkenyl of 14 to 22 carbon atoms; R 2 is alkyl or alkenyl of 
6 to 14 carbon atoms, R 3 , R 4 , and R 5 are hydrogen, methyl or 
ethyl; n is 1 to 4 and X is a halide ion. 

7. A compound according to claim 6 selected from 

(+) N-(2-hexadecyloxy-3-decyloxy)-prop-l-yl-N,N,N~tri- 
methylammonium chloride or an optical isomer thereof; and 

(+) N-(2-hexadecyloxy-3-decyloxy)-prop-l-yl-N,N- 
dimethylamine hydrochloride. 

8. A liposome formulation which comprises 0.05 to 10% by 
weight of a drug, 1 to 20% surfactant component by weight of 
which a compound of formula I of any one of the preceding 
claims comprises 1 to 100% of this surfactant component, and 
an aqueous solution in a quantity sufficient to make 100% by 
volume. 



9. A pharmaceutical formulation which comprises 0.05 to 
25 10% by weight of a drug, 1 to 20% surfactant component by 

weight of which a compound of formula I of any one of claims 
1 to 7 comprises 1 to 100% of this surfactant component, and 
an aqueous solution in a quantity sufficient to make 100% by 
volume. 



10. The formulation of claim 9 wherein said drug is 9-(l,3- 
dihydroxy-2-propoxymethyl )quanine dipalmitate, 6a, 9a- 
dif luoro-ll8,16a, 17a , 21-tetrahydroxy-pregna-l , 4-diene-3 , 20- 
dione-16 , 17-acetonide (f luocinolone acetonide), 6a, 9a- 
35 dif luoro-llS , 16a, 17a, 21-tetrahydroxy-pregna-l , 4-diene-3 , 20- 
dione-16,17-acetonide-21-acetate ( f luocinonide) , l-[4-(4- 
chlorophenyl ) -2- ( 2 , 6-dichlorophenylthio) -n-butyl ] imidazole 
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nitrate (butaconazole nitrate), beta-interf eron, gamma- 
interf eron , 6-0-stearoyl-N-acetylmuramyl-L-a-aminobutyryl-D- 
isoglutaraine or a herpes antigen. 

5 11. A formulation according to claim 9 or claim 10 wherein 
said drug comprises 1 to 5% and formula 1 comprises 50% or 
more of the surfactant component. 

12. A formulation according to claim 9, 10 or 11 having a 
10 compound of formula I wherein and R 2 are the same and are 
alkyl or alkenyl of 10 to 20 carbon atoms, R 3 , R 4 , and r5 
are hydrogen, methyl or ethyl, n is 1 to 4 and X is a halide 
ion . 

15 13. A formulation according to claim 12 having a compound 
of formula I which is selected from 

( + ) N- ( 2 , 3-di-hexadecyloxy) -prop-l-yl-N, N, N-tr imethyl- 
ammonium chloride or an optical isomer thereof; 

( + ) N- ( 2 , 3-di-octadecyloxy ) -prop-l-yl-N , N , N-tr imethy 1- 
20 ammonium chloride or an optical isomer thereof; and 

(+) N-(2,3-di-(9-(Z)-octadecenyloxy) ) -prop-l-yl-N, N,N- 
trimethylammonium chloride or an optical isomer thereof. 

14. A formulation according to claim 9, 10 or 11 having a 
25 compound of formula I wherein R 1 and R 2 are the same and are 
alkyl of 10 to 20 carbon atoms, or alkenyl of 10 to 20 
carbon atoms and R 3 , R 4 , and r5 are hydrogen, methyl or' 
ethyl and n is 1 to 4 . 

30 15. A formulation according to claim 9, 10 or 11 wherein R 1 
is alkyl or alkenyl of 14 to 22 carbon atoms and R 2 is a 
different alkyl group of 6 to 14 carbon atoms; R 3 , R 4 , and 
R 5 are hydrogen, methyl or ethyl; n is 1 to 4; and X is a 
halide ion. 

35 

16. A process for the preparation of a compound of any one 
of claims 1 to 7 which comprises reacting a compound of the 
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formula 

CH2-p-(CH 2 ) n -N-(R) 2 
OR 1 OR 2 

wherein R 1 and R 2 are as defined above and each R group is 
defined as R 3 , R 4 , and R 5 are defined above, with an alkyl 
or aralkyl chloride to form a compound of formula I. 

17. A process for preparation of a compound of the formula 

f 3 

R 1 OCH 2 -CH-(CH 2 ) n -jj + -R 4 X" I 
OR 2 R5 

or an optical isomer thereof wherein R 1 and R 2 are the same 
or different and are an alkyl or alkenyl group of 6 to 22 
carbons; none or one of R 3 , R 4 and R 5 is hydrogen, alkyl of 
1 to 8 carbon atoms, aryl, or aralkyl of 7 to 11 carbons and 
two or three of R 3 , R 4 , and r5 are taken together to form 
quinuclidino, pyrrolidino, piperidino, or morpholino; n is I 
to 8; and X is a pharmaceutical^ acceptable anion, which 
comprises 

(a) reacting a compound of the formula 

<JH 2 -CH-CH 2 -Y 
OR 1 OR 2 

wherein R 1 and R 2 are as defined above and Y is a halide or 
p-toluene sulfonyl group with the appropriate hydrocarbon 
selected from quinuclidine, Dyrrolidine, piperidine, or 
morpholine, optionally followed by 

(b) reacting the product of step (a) wherein two of R 3 , 
R 4 , and R 5 are taken together to form pyrrolidino, 
piperidino, or morpholino with an alkyl or aralkyl chloride 
to form a compound of formula I. 
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18. A compound of the formula 

R 1 OCH 2 -(j:H-(CH2) n -N(R) 2 . H C1 
OR 2 



or an optical isomer thereof wherein R l and R 2 are the same 
or different and are an alkyl or alkenyl group of 6 to 22 
carbons; each R is the same or different and are hydrogen, 
alkyl of 1 to 8 carbon atoms, aryl, or aralkyl of 7 to 11 
carbons or two R groups are taken together to form 
pyrrolidino, piperidino, or morpholino. 
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1. A process for the preparation of a compound of the 
formula 



R 1 OCH 2 -CH-(CH 2 ) n -| I+ -R 4 ' x " 1 
OR 2 R 5 

10 or an optical isomer thereof wherein R 1 and R 2 are the same 
or different and are an alkyl or alkenyl group of 6 to 22 
carbons; R 3 , R 4 and R 5 are the same or different and are 
hydrogen, alkyl of 1 to 8 carbon atoms, aryl, aralkyl of 7 
to 11 carbons or when two or three of R 3 , R 4 , and R 5 are 

15 taken together to form guinuclidino, pyrrolidine 
piperidino, or morpholino; n is 1 to 8; and X is a 
pharmaceutical^ acceptable anion, which comprises reacting 
a compound of the formula 

20 CH 2 -<j:H-(CH2)n-N-CR>2 
Ir 1 OR 2 

wherein R 1 and R 2 are as defined above and each R group is 
defined as R 3 , R 4 , and R 5 are defined above, with an alkyl 
25 or aralkyl chloride to form a compound of formula I. 

2. A process for preparation of a compound of the formula 



r 

R 1 OCH 2 -CH-(CH 2 ) n -N + -R 4 X~ 



or an optical isomer thereof wherein R 1 and R 2 are the same 
or different and are an alkyl or alkenyl group of 6 to 22 
35 carbons; none or one of R 3 , R 4 and R 5 is hydrogen, alkyl of 
1 to 8 carbon atoms, aryl, or aralkyl of 7 to 11 carbons and 
two or three of R 3 , R 4 , and R 5 are taken together to form 
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quinuclidino, pyrrolidine), piperidino, or morpholino; n is 1 
to 8; and X is a pharmaceutical^ acceptable anion, which 
comprises 

(a) reacting a compound of the formula 

5 

<p 2 -CH-CH 2 -Y 
OR 1 OR 2 

wherein R 1 and R 2 are as defined above and Y is a halide or 
10 p-toluene sulfonyl group with the appropriate hydrocarbon 
selected from quinuclidine, pyrrolidine, piperidine, or 
morpholine, optionally followed by 

(b) reacting the product of step (a) wherein two of R 3 , 
R 4 , and R 5 are taken together to form pyrrolidino, 

15 piperidino, or morpholino with an alkyl or aralkyl chloride 
to form a compound of formula I. 

3. A process for the preparation of a compound of the 
formula 

20 

R 1 OCH 2 -CH-(CH 2 ) n -N(R) 2 - HC1 
OR 2 

or an optical isomer thereof wherein R 1 and R 2 are the same 
25 or different and are an alkyl or alkenyl group of 6 to 22 
carbons; each R is the same or different and are hydrogen, 
alkyl of 1 to 8 carbon atoms, aryl, or aralkyl of 7 to 11 
carbons or two R groups are taken together to form 
pyrrolidino, piperidino, or morpholino. 

30 

4. A process according to claim 1 or claim 3 wherein R 1 
and R 2 are the same and are alkenyl of 10 to 20 carbon 
atoms, R 3 , R 4 , and R 5 are hydrogen, methyl or ethyl and n is 
1 to 4. 

35 

5. A process according to claim 4 wherein a compound 
selected from 



3 9 



0187702 



( + ) N- ( 2 , 3-d i - ( 9- ( Z ) -octadecenyloxy ) ) -prop-l-yl-N , N- 
t rime thy lammonium chloride or an .optical isomer thereof; 

( + ) N- ( 2 , 3-di-< 4- ( Z ) -decenyloxy ) ) -prop-l-yl-l-tri- 
methy lammonium chloride or an optical isomer thereof; 

(+) N-<3,4-di-(9-(Z)-octadecenyloxy) )-but-l-yl-N,N,N- 
trimethylammonium chloride or an optical isomer thereof; and 

< + ) N-(5,6-di-(9-fZ)-octadecenyloxy) ) -hex-l-yl^N,N,N- 
trimethylammonium chloride or an optical isomer thereof, is 
prepared . 

6. A process according to claim 1 or claim 3 wherein R 1 
and R2 are the same and are alkyl of 10 to 20 carbon atoms, 
R 3 , R 4 , and R 5 are hydrogen, methyl or ethyl, n is 1 to 4 
andX is a halide ion. 

7. A compound according to claim 6 wherein a compound 
selected from 

( + ) N-(2,3-di-hexadecyloxy)prop-l-yl-N,N,N-trimethyl- 
amtnonium chloride or an optical isomer thereof; and 

(+) N-{2,3-di-octadecyloxy)prop-l-ylHJ,N,N-trimethyl- 
ammonium chloride is prepared. 

8. A process according to claim 1 or claim 3 wherein R 1 is 
alkyl or alkenyl of 14 to 22 carbon atoms; r2 is alkyl or 
alkenyl of 6 to 14 carbon atoms, R 3 f R 4 , and R$ are 
hydrogen, methyl or ethyl; n is 1 to 4 and X is a halide 
ion. 

9. A process according to claim 8 wherein a compound 
selected from 

(+) N-(2-hexadecyloxy-3-decyloxy)-prop-l-yl-N,N,N-tri- 
methylammonium chloride or an optical isomer thereof; and 

(+) N-(2-hexadecyloxy-3-decyloxy) -prop-l-yl-N, N- 
dimethylamine hydrochloride is prepared. 

10. Use of a compound of formula I as defined in any one of 
the preceding claims in the manufacture of a liposome 
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formulation which comprises 0.05 to 10% by weight of a drug, 
1 to 20% surfactant component by weight of which a compound 
Of formula I of any one of the preceding claims comprises 1 
to 100% of this surfactant component, and an aqueous 
solution in a quantity sufficient to make 100% by volume. 

11. Use of a compound of formula I as defined in any one of 
claims 1 to 9 in the manufacture of a pharmaceutical 
formulation which comprises 0.05 to 10% by weight of a drug, 
1 to 20% surfactant component by weight of which a compound 
of formula I of any one of claims 1 to 7 comprises 1 to 100% 
of this surfactant component, and an aqueous solution in a 
quantity sufficient to make 100% by volume. 

12. A process according to claim 11 wherein said drug is 
9-(l,3-dihydroxy-2-propoxymethyl)quanine dipalmitate, 6a, 9a- 
difluoro-H6,16a,17a,21-tetrahydroxy-pregna-l,4-diene-3,20- 
dione-16,17-acetonide (f luocinolone acetonide), 6a, 9a- 

difluoro-H6,16a,17a,21-tetrahydroxy-pregna-l,4-diene-3,20- 
dione-16,17-acetonide-21-acetate (f luocinonide) , l-[4-(4- 
chlorophenyl ) -2- ( 2 , 6-dichlorophenylthio) -n-butyl ] imidazole 
nitrate ( butaconazole nitrate), beta-interf eron , gamma- 
interf eron , 6-0-stearoyl-N-acetylmuramyl-L-a-aminobutyryl-D- 
isoglutamine or a herpes antigen. 

13. A process according to claim 11 or claim 12 wherein 
said drug comprises 1 to 5% and formula I comprises 50% or 
more of the surfactant component. 

14. A process according to claim 11, 12 or 13 wherein in 
the compound of formula I, r1 and r2 are the same and are 
alkyl or alkenyl of 10 to 20 carbon atoms, R 3 , r4, and r5 
are hydrogen, methyl or ethyl, n is 1 to 4 and X is a halide 



15. A process according to claim 14 wherein the compound of 
formula I is selected from 
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(+) N-(2,3-di-hexadecyloxy)-prop-l-yl-N,N,N-trimethyl- 
ammoniutn chloride or an optical isomer thereof; 

( + ) N-(2,3-di-octadecyloxy)-prop-l-yl-N,N,N-trimethyl- 
ammonium chloride or an optical isomer thereof; and 
5 (+) N-(2,3-di-(9-(Z)-octadecenyloxy) ) -prop-l-yl-N,N,N- 

trimethylaramonium chloride or an optical isomer thereof. 

16. A process according to claim 11, 12 or 13 wherein in 
the compound of formula I R 1 and R 2 are the same and are„. 

10 alkyl of 10 to 20 carbon atoms, or alkenyl of 10 to 20 
carbon atoms and R 3 , R 4 , and R 5 are hydrogen, methyl or 
ethyl and n is 1 to 4 . 

17. A process according to claim 11, 12 or 13 wherein in 

15 the compound of formula I R 1 is alkyl or alkenyl of 14 to 22 
carbon atoms and R 2 is a different alkyl group of 6 to 14 
carbon atoms; R 3 , R 4 , and R 5 are hydrogen, methyl or ethyl; 
n is 1 to 4; and X is a halide ion. 



